INTRODUCTION
Intellectual disability (ID) is a disability characterized by significant limitations both in intellectual functioning and in adaptive behavior, which covers a range of everyday social and practical skills (American Association of Intellectual and Developmental Disabilities, 2010) .
Attention is a fundamental ability in information processing, which is essential to acquire knowledge, information, and social skills during school years (Rizzo & Buckwalter, 1997) . Inattentive behaviors can cause school and work underachievement, cause low selfesteem, and negatively influence interpersonal relationships with peers (Thorell & Rydell, 2008) . For example, inattentive children with ID get distracted easily by external stimuli, have difficulties focusing, and have trouble coping with stimuli given to them simultaneously. Difficulties in attention can result in academic failure and maladaptive behaviors in school that will have negative effects on later social life (Deci, 2004; Kirk & Gallagher, 1983; Switzky, 2001) . Therefore, improving attentional ability is a priority for children with ID.
Researchers have studied various methods to improve attentional ability in children with ID. Research has mostly focused on factors within educational environments causing attention deficits and on finding educational materials that can improve attentional ability. Many researchers have developed methods for children with ID to improve their learning and adaptive behaviors. Methods include behavior modification, exercise therapy, visual perception (VP) training, and sensory integrative therapy (Allinder, 2000; Fox & Oross, 1992; Tomporowski & Ellis, 1984; Uyanik, Bumin, Kayihan, & Bumin, 2003) . One example of this is a VP training program intended to improve VP and attentional ability through training perceptual discrimination between figure and ground. A study found that VP processing involves the frontal lobes in individuals with IDs (Muñoz-Ruata, Caro-Martínez, Pérez, & Borja, 2010) . Consequently, VP training is expected to enhance frontal lobe function. Results of the VP training program showed mild effects on attention improvement and learning preparedness to the specific tasks but also had limitations in maintaining effects and generalization of tasks (Rezaiyan, Mohammadi & Fallah, 2007; Stogdill, 1938) .
Recently, neuropsychological methods are attracting researchers' attention. The most wellknown method is neurofeedback (NFB). In NFB, principles of reinforcement are applied to improve attention by activating or reducing brainwaves. NFB activates brainwaves related to attention, reduces brainwaves not related to it, and subsequently develops brain function widely (Hoza & Pelham, 1993) . NFB is noninvasive with few adverse effects if performed correctly and increases self-regulation skills (Egner & Gruzelier, 2001) .
Most studies using NFB related to attentional improvement mainly focused on children with attention deficit hyperactivity disorder (ADHD) or learning disorder (LD; Gracenin & Cook, 1997; Hernandez et al., 2002; J. F. Lubar, Swartwood, Swartwood, & Timmermann, 1995) . Brain imaging studies of children with ADHD or LD showed meaningful relations between the behavioral symptoms of these disorders and neurophysiological factors (Castellanos, 1997; Fernandez et al., 2007; Filipek, 1999) . Moreover, recent studies of the relationship between electroencephalography (EEG) and ADHD have supported the NFB training protocols (Arns, Gunkelman, Breteler, & Spronk, 2008; Monastra, Lubar, & Linden, 2001) . If NFB training is effective for ADHD or LD children having neurological limitations, this kind of neurological method could also be applied to children with ID (Luria, 1973) .
Attention is dependent on interactions among brain structures (Mesulam, 1981; Ponser & Peterson, 1990) . It is known that the specific regions related to inattention are the frontal lobe and reticular activation system (RAS) for children with ID. The frontal lobe is closely related to attention, executive function, and working memory (Arnsten & Li, 2005) . Other studies have found that patients with damage to frontal lobes showed difficulties in attention tasks (Duncan & Owen, 2000; Welsh, Pennington, & Grosser, 1991) . The RAS involves brain structures, such as locus coeruleus and basal forebrain, and plays an important role in attentional ability in children with ID by controlling arousal levels. Accordingly, if we can have a direct effect on neurological functions such as activation of frontal lobe and arousal level of the RAS through NFB training, we should be able to improve brain functions related with attention and arousal of children with ID.
Attentional Processing
Attention is involved in the informationprocessing system that helps the brain to work effectively (Lavie, 2005) . Attention is a goal-directed and active process that helps us focus on a specific task and target. Consequently, attention can be defined as a process through which we can obtain useful information for task completion from ongoing events, and then infer anticipated results (Corbetta & Shulman, 2002; Eysenck & Keane, 2005) . Attention has three primary functions: (a) alerting refers to activating a preparative state to receive external information, (b) filtering refers to the ability with which we can discern and select specific information from among several stimuli, and (c) allocating allows us to distribute our attention among more than two stimuli (Posner & Peterson, 1990) .
Neuroanatomical studies on attentional mechanisms reveal associated neuroanatomical structures by measuring neurological activities, brainwaves, or changes in cerebral blood flow that appear while attention tasks are performed. Posner (1980) proposed three activity networks directly involved in selective attention. First, an orienting attentional network consists of engaging, disengaging, and shifting processes. Once we pay attention to a target, we engage in the target. If we want to give attention to another one, we disengage our attention from the old target, and then we can shift our attention to the new target. The thalamus, superior colliculus of the midbrain, and the parietal lobe activate in the engaging, shifting, and disengaging processes, respectively (LaBerge, 1995; Posner & Raichle, 1994) . The executive control attention network activates when we sense a target object and then process ongoing information intentionally. The anterior cingulate, left frontal cortex, and basal ganglia are involved in this process (Jackson, Marroccos, & Posner, 1994) . Last, the vigilance network maintains a proper psychological state through which we can give attention to external stimuli. During this process, increased blood flow in the parietal and frontal lobes of the right hemisphere are observed (Posner & Raichle, 1994) .
Neuroanatomical research on attention shows that the frontal lobe is involved in both the executive control attention and vigilance networks. Consequently, it could be hypothesized that we can stabilize arousal levels and enhance executive function of children with ID by activating the frontal lobe.
Training Mode and Clinical Application of NFB
Although NFB could be a powerful method in improving attention and related cognitive functions, there has been little systematic study to date for children with ID. In the study reported here, the effects of NFB training for children with ID were investigated. Unlike a traditional method focused on behavioral reinforcement, we expect NFB training focused on neurological reinforcement to bring more direct and fundamental improvements in attentional ability.
Eyes-open beta=sensorimotor response (SMR) amplitude uptraining is known to be helpful for people with ADHD, LD, epilepsy, and sleep disorder. It has been reported that beta training (15-18 Hz) can normalize left brain function, and SMR training (12-15 Hz) can stabilize right brain function in these disorders (Othmer, Othmer, & Marks, 1991) . Beta waves (14-30 Hz) faster than SMR are related to focusing attentional ability. Beta and SMR waves may be set up as reward frequency bandwidths during NFB training. When the amplitude of the beta=SMR bandwidth exceeds that of 4-7 Hz theta beyond a predetermined threshold, reinforcement is provided (Rossiter, 2002) . Considering the cognitive limitations in ID, research related to improving attentional ability for children with ID would be not only meaningful but also important. More systematic and organized studies are needed. Despite potential effects of NFB training, surprisingly little research has been conducted for children with ID so far (Bachers, 2004; Fleischman & Othmer, 2005) . Bachers (2004) conducted NFB training for one child with ID and cerebral palsy and showed brain changes on computed tomography. Fleischman and Othmer (2005) reported increased IQ score of an identical twin with mild ID after NFB training. Both studies were case studies targeted at only one or two children with ID.
In this study, we investigated NFB training effects for a group of children with ID, comparing training effects of a NFB group to those of both a no-treatment control group and a VP training group. Besides investigating differences in effects on attention tasks, we also tried to identify fundamental differences produced in brainwave activity. Three months following completion of training, a follow-up study was performed in order to ascertain the long-term effects of the NFB.
METHOD Participants
Participants were 21 elementary school students (Grade 3-6) with mild ID. They were randomly assigned to a NFB training group (n ¼ 7), a VP training group (n ¼ 7), or a control group (n ¼ 7). They were receiving special education in an independent classroom. Thirty-six sessions of NFB and VP training were conducted in the two training groups, respectively, three sessions a week, 30 min per session during 12 weeks. Two special education teachers conducted the NFB and VP training, respectively. Informed consent was obtained from the parents of all participants. Table 1 shows mean and standard deviation of age, grade, and intelligence for each group. The intelligence index was determined using the Korean Version of the Wechsler Intelligence Scale for Children-Third Edition (WISC-III; Kwak, Park, & Park, 2001 ). There were no significant pretreatment differences in age, grade, and intelligence among groups.
NFB Training
Previous research has reported that a NFB protocol providing positive feedback in response to increasing beta (14-30 Hz) activity was effective for improving attentional ability in children with ADHD or LD (J. F. Lubar, 1991; J. O. Lubar & Lubar, 1984; Othmer et al., 1991; Shouse & Lubar, 1979; Tansey, 1991) . Another protocol that inhibited theta (4-7 Hz) and increased low beta (15-18 Hz) activity was conducted for children with ADHD or LD. Results showed that subjects showed a significant improvement on each subscale of the WISC-R (J. F. Lubar, 1995) . Another different protocol that inhibited theta and activated beta was used for children with ADHD, and resulted in increased scores on the Kaufman Brief Intelligence Test and on attentional ability (Linden, Habib, & Radojevic, 1996) . Theta amplitude was predominant over SMR for children with LD, especially when they were inattentive (J. F. Lubar, 1985) ; SMR training could stimulate the brain state leading to enhanced attentional ability (Shouse & Lubar, 1979) . In conclusion, the training mode that inhibits theta and reinforces beta=SMR activity should be the most effective for improving attentional ability.
In this study, the NFB program system, ''Neuroharmony M'' (Braintech Corp., Korea), designed by the Korea Research Institute of Jungshin Science, was used. This program not only includes NFB training but also displays measurements of brainwaves during training.
The correlation coefficient with the Grass System (USA) for alpha, beta, and theta values was .92 (p < .001; Kim, 2000) . Brainwaves were measured through three channels (Fp1, Fpz, Fp2) attached to a headband with a reference electrode on the left earlobe. EEGs measured from the frontal lobe were used for NFB. Participants could adjust their brainwaves along with the outputs of the game. Reinforcement such as a picture of a bending a spoon was given on screen if the subject's brainwaves exceeded the threshold of the selected frequency bandwidths. In this study, attention and concentration training were used as training modes.
Four programs were used in this study. A painting program (summarized next) was used for selecting the training mode. If a participant showed weak performance on the attention mode compared to the concentration mode, the attention mode was selected as a training mode for 3 weeks, and vice versa. After 3 weeks, brainwaves were reanalyzed, and a training mode was reselected. The other three programs such as making a cup, bending a spoon, and shooting an arrow were used for training. Considering students' interests and participation, the training program was performed only for 3 weeks. When participants gained high scores in the training mode, a bonus game such as car racing or memorizing planet names were provided.
Painting. A picture is painted depending on brainwave activity level. If the brainwave activity meets threshold criteria for the targeted frequency band, black and white images on the screen turn into colorful images.
Making a cup. A cup-making activity is completed as targeted brainwave activity meets threshold criteria. If the level of brainwave activity meets criterion, a beep sounds. Participants can recognize their brain activity level through the feedback like a beep sound or the screen image. The number of cups made also is visually scored.
Shooting an arrow. When brainwaves satisfy the training conditions, a beep sounds. Clicking a mouse button in accordance with sound signal increases the possibility of hitting the mark. The training is finished when 15 pieces of arrows are used for 2 min. The score means the extent of achievement.
Bending a spoon. A spoon is bent, and a beep sounds when brainwaves reach a proper level. If the brainwaves fall below threshold, the beep sound doesn't occur and a bent spoon goes back into an unfolded, straight position. The scores depend on how many spoons are bent completely.
VP Training
VP training is designed to improve VP ability. In this study, the adapted version (Yeo, 1987 ) of a VP training program (Frostig & Horne, 1964) was used. As shown in Table 2 , the program consists of five parts: visual-motor integration, figure-ground, position in space, spatial relations, and form constancy. In this study, 30 tasks for each part were selected and reconstructed according to the children's developmental and intellectual level.
Measures

Children's Color Trails Test (CCTT).
CCTT is a test that measures visuomotor, attentional, and execution ability for children ages 8 to 15 (Llorente, Williams, Statz, & D'Elia, 2003) . CCTT consists of two subtests. CCTT-1 measures continuous attentional ability, and CCTT-2 measures distributed attention and inhibition=disinhibition ability. In this study, only CCTT-2 of the Korean version (Shin & Park, 2007) (Shin & Goo, 2007) for children age 5 to 14 was used. The test-retest reliability is .72. Scores of SCWT shown in the following tables and figures are standard scores.
Digit Span. We used a modification of the Digit Span test of the WISC-R (Wechsler, 1974) . Our modification included a different arrangement of numbers than in the original test. The test consists of seven items that have three series of different numbers. The first item is composed of one digit, the second of two digits, and up to seven digits in the order. If successful on any item, participants get 1 point. The total number of points is 21. Scores of Digit Span shown in tables and figures are raw scores.
Procedure
NFB procedure. The NFB training program for children with ID was performed in the special classroom in an elementary school, Kyungnam province. One week before training, participants were given instructions for the training. When students came into the classroom, they sat down and took some relaxation time in a comfortable condition for 5 min. First, we attached the electrode headband with the Fpz electrode on the center, Fp1 on the The purpose of this training is to learn the ability to be able to control brainwaves while simultaneously playing games. Sit down comfortably in the chair and enjoy playing games using your brain. During training you should not touch the headband on your head. Please keep silent and pay attention to playing games with a relaxed mind.
Additional explanations or coaching were given to participants during training. When there was a rewarding event, the instructor would reward the participant with explanations of his or her brainwave condition. We expected those explanations to help participants to understand the relationship between their brain activity and changes shown on their monitor. Assessment procedure. The CCTT-2, SCWT, and Digit Span tests were administered before and after completion of the NFB and VP training programs, and a follow-up study was conducted 3 months after the training completion.
Data Analysis
An analysis of variance was performed to test the training effects. The independent variables were time (before and after training) and group (NFB, VP, and control group). Dependent variables were scores on the CCTT-2, Stroop, and Digit Span. If there were significant differences in pre-treatment scores among the groups, an analysis of covariance was performed using pretest scores as a covariant. Next, we completed a t test on changes in amplitude levels for the selected frequency bands (theta, alpha, beta), as well as beta=theta ratios, to identify brainwave changes in the left and right frontal lobes for the NFB group participants. The follow-up study was conducted to determine the consistency of training effects after 3 months.
RESULTS
Attention Training Effects
CCTT-2. Table 3 shows the mean and standard deviation of CCTT-2 scores before and after training. After training, the NFB group showed significantly higher scores compared to the two other groups, F(2, 18) ¼ 3.30, p < .05. A significant increase was observed in CCTT-2 for the NFB training group, but there were no differences for VP training and control groups before and after training. Figure 1 shows that the NFB training group performed better on the CCTT-2 compared to the VP training group and the no-treatment control group.
SCWT. Table 4 shows the mean and standard deviation of SCWT scores before and after training for each group. The NFB group showed 2 to 4 times higher scores than the other two groups. The interaction effects between before and after scores for the NFB group were F(2, 18) ¼ 3.35, p < .05. There was a significant increase in pre-post treatment scores for the NFB group, t(6) ¼ À2.74, p < .05, but no differences for the VP and control groups. Figure 2 shows that the children in the NFB training group improved significantly on this measure compared to both the VP and control groups.
Digit Span. Table 5 shows the mean and standard deviation scores on the Digit Span test for each group before and after training. All three groups showed increased scores, but with greater differences for the NFB group. A significant interaction effect within each group before and after training was observed, F(2, 18) ¼ 6.13, p < .05. The NFB group showed a significant increase from pre-to posttesting, 
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t(6) ¼ À3.65, p < .01, but no differences were found for both the VP and control group, as shown in Figure 3 .
Brainwave Changes
Because the NFB group showed considerable improvement on the measures of attentional ability, their frontal lobe brainwave changes were examined to identify direct effects of the NFB training on their brainwaves. Amplitude levels for each frequency (theta, alpha, and beta) and changes in theta=beta ratio were measured in the txt file format for 120 s and transformed to a fast Fourier transform file. Power values per second ranging 4-20 Hz were recorded. Mean scores for each theta, alpha, and beta range were calculated based on power values. Last, changes in brainwave amplitudes before and after training were compared in the left (Fp1) and right frontal lobe (Fp2). In the study, beta=SMR uptraining was designed to increase beta (16-20 Hz) and SMR (12-15 Hz) and to decrease theta (4-7 Hz) at Fp1 and Fp2 of frontal lobes. So decreases in theta=beta ratio owing to increases in beta and SMR activity and decreases in theta activity were anticipated. Tables 6 and 7 show brainwave changes at Fp1 and Fp2, respectively. As expected, the activity level of theta at Fp1 declined significantly, t(6) ¼ À2.24, p < .05, but no differences between alpha and beta activity was recorded. There was a significant decrease in the ratio of theta=beta, apparently mostly owing to a decrease in theta activity rather than an increase in beta. At Fp2, a significant decrease in the theta=beta ratio was observed, which seemed to be produced mostly by a decrease in theta activity, but the decrease in theta was not statistically significant, t(6) ¼ À1.72, p < .10. Activity levels at Fp2 were low overall compared to Fp1, which seemed to reflect decreased function in the left hemisphere in children with ID (Demos, 2005) .
Follow-Up
The follow-up study assessed whether NFB training effects had been maintained 3 months after training. Scores for the CCTT-2, SCWT, and Digit Span were compared 3 months before and after NFB training. The results are shown in Table 8 , and explanations for each test are as follows.
CCTT-2. Figure 4 shows that scores for the NFB group were maintained even 3 months after training completion, t(6) ¼ 3.74, p < .01. This finding shows that improved attentional ability resulting from NFB training remained 3 months after training was completed. Scores for the VP group at follow-up were the same as those recorded before the VP training began.
SCWT. Figure 5 shows that SCWT scores of the NFB group were maintained even 3 months after training completion, t(6) ¼ 2.74, p < .05. This result reveals that improved attentional ability resulting from the NFB training remained effective 3 months after training was completed. Scores for the VP group at follow-up decreased slightly compared to those recorded at the end of the VP training.
Digit Span. Figure 6 shows that the Digit Span scores for the NFB group were maintained even 3 months after training completion, t(6) ¼ 3.65, p < .01. This result shows that improved attentional ability gained as a result of NFB training remained 3 months after training. Scores for the VP group at follow-up increased slightly compared to those obtained 3 months earlier, but this increase was not significant.
DISCUSSION
Previous treatment programs for children with ID had limitations in generalizing and maintaining their effects. We challenged these limitations using a neurological perspective positing an association between attention and brain structure, and investigated the effects of a NFB training program in children with ID as an alternative treatment approach. The results and implications of this study are as follows. First, the NFB group showed significantly increased scores on CCTT-2, SCWT, and Digit Span tasks compared to the two control groups. Thus, with this subject sample, the NFB program was more effective than VP or no training in improving attentional ability. These findings could be explained using a theory of brain plasticity, stating that a practical training method targeting brainwave changes could improve the arousal regulation of the brain and consequently influence attentional ability (Kolb & Gibb, 2011) . The NFB group showed improved selective attention, attention span, and automatic reaction inhibition. Attentional ability was improved by beta=SMR uptraining, which improved subjects' brainwave activity and had a direct influence on expanding their memory range and improved their attentional ability.
Second, a follow-up study 3 months after training completion showed that the NFB group maintained their increased scores for attention tasks as measured by the CCTT-2, SCWT, and Digit Span tests. These positive effects of the NFB training program are likely to last more than 3 months. NFB training would be practical in a real school setting because it has long-term effects compared to the effects of traditional methods such as VP training. Surprisingly, the scores obtained on both the CCTT-2 and SCWT continued to increase into the follow-up period. 
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C. HONG AND I. LEE Third, reductions in theta and the theta= beta ratio produced in the right=left frontal lobes for children in the NFB group, suggest that beta=SMR uptraining is effective for attention improvement and can stabilize brain function. Consequently, this study supports the hypothesis that NFB training can help children with ID to learn how to better attend to external stimuli and maintain this ability by themselves.
This study provided a systematic comparison among NFB, VP, and a no-treatment control group, going beyond previous single case studies that have predominated in the research literature on treatments for children with intellectual disabilities. Moreover, NFB assisted the children in this study to produce and stabilize a higher brain arousal state. Consequently, these children with ID could develop self-efficacy in controlling brain activity by themselves.
The limitations of this study and suggestions for future investigations are as follows. First, the NFB training in this study mainly measured brainwave activity in the frontal lobe region. Considering that attentional ability is affected by a variety of regions of the brain, it is necessary to examine and measure several regions of the brain. Second, we are not sure at this point how well the children in our NFB group can apply their improved attentional ability to real life. In general, children with ID show many difficulties in adaptive behaviors just because of their intellectual limitations. Although our study results show that subjects in the NFB group appeared to be significantly improved in attentional ability, all data were obtained from isolated attention tasks, not related to a practical performance in school work and everyday life. Therefore, follow-up studies need to investigate the relationship between NFB training and adaptability in real-life situations. 
APPENDIX
